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SUMMARY 

* 
An invest igat ion has been conducted i n  a t ransonic  wind tunnel  t o  

determine t h e  s t a t i c  aerodynamic charac te r i s t ics  of a blunt-nosed body 
of revolution having a cy l indr ica l  or f lared afterbody and equipped with 
various f l o w  def lectors .  The flow deflectors  had e i t h e r  a f l a t  or a 
hemispherical face and were affixed t o  the  model by means of a spike 
project ing forward f r o m  t h e  model nose. 
of a t t ack  from -2O t o  +14O at  ten Mach numbers from 0.6 t o  1.4.  The 
t e s t  Reynolds number was  0.50 mill ion based on t h e  cy l indr ica l  body 
diameter. 

. a  

Data are presented f o r  angles 

LNTRODUCTION 

Demand f o r  aerodynamic data  f o r  low-fineness-ratio bodies of 
revolution at  t ransonic  speeds stems not only from i n t e r e s t  i n  atmosphere- 
en t ry  vehicles ,  bu t  a l so  from an awareness t h a t  t h e  s t a b i l i t y  of such 
bodies cam vary grea t ly  i n  t h e  transonic speed range. 
i s  one of a s e r i e s  presenting the  results of an invest igat ion conducted 
a t  t h e  Ames Research Center t o  determine t h e  e f f e c t s  of systematic changes 
i n  model geometry on t h e  aerodynamic charac te r i s t ics  of low-fineness-ratio 
bodies a t  transonic speeds. Previous phases of t h e  invest igat ion a re  
reported i n  references 1 through 5 .  h t h e  presezt  reporb are t h e  r e su l t s  
of an inves t iga t ion  of t h e  e f f ec t s  of spike-mounted flow def lec tors  on 
t h e  s t a t i c  aerodynamic charac te r i s t ics  of a blunt-nosed, low-fineness- 
r a t i o  body of revolution with a cylindrical  or f l a r ed  afterbody. 

The present report  

- o  
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flow deflectors were either hemispherical or flat-faced and were mo-mted 
on a spike extending from 1.5 to 2.5 model body diameters ahead of the 
model nose. 

1 

The results are presented without detailed discussion. 

NOTATION 

model base area 

measured axial-force coefficient, 

base axial-force coefficient, 

measured axial force 
qs 

(P, - %)B 
qs 

forebody axial-force coefficient, CA - CAb 

pitching-moment coefficient about no se-body juncture , 
pitching moment 

qSd 

A 
4 
1 
0 

the slope of a straight line drawn from Cm at a = 0' to any .. 
point on the C, vs.  a, curve 

normal force 
qs 

normal-force coefficient, 4 

the slope of a straight line drawn from CN at a = Oo to any 
point on the CN vs. a curve 

center-of-pressure location in body diameters, positive when 
CnJa 
CNlU 

forward of the moment reference sham in figure 1, - 

cylindrical body diameter 

Mach number 

base pressure 

test section static pressure 

dynamic pressure 

cross- sectional area of cylindrical centerbody 
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angle of a t tack,  deg 

Model Component Designations 

cy l indr ica l  body, sGbscript denoting length i n  body diameters 

flow deflector ,  subscript denoting shape (See f i g .  1) 

f la red  afterbody, semivertex angle = 20' and r a t i o  of f l a r e  base 
area t o  cyl indrical  body cross-sectional area = 4 

spike, subscript denoting length i n  cy l indr ica l  body diameters 

nose, subscript denoting t e n t h  nose i n  se r i e s  (See r e f .  4) 

APPARATUS AND MOD- 

The investigation w a s  conducted in  the  Ames 2- by 2-Foot Transonic 
Wind Tunnel, which i s  of t he  closed-circuit ,  variable-pressure type. 
This f a c i l i t y  ( r e f .  6) has a perforated t e s t  section which permits con- 
tinuous, choke-free operation from subsonic speeds up t o  Mach nmiber 1.4. 

The configurations investigated were various combinations of two 
spike-mounted flow deflectors  on a blunt-nosed body of revolution with 
and without a f la red  afterbody ( f i g .  1). The nose w a s  a spherical  seg- 
ment and vas affixed t o  e i the r  a cyl indrical  body or a cyl indr ica l  body 
with a 20° f la red  afterbody. The f l o w  def lectors  were hemispherical or 
disk-shaped and the  spike length was varied from 1.5 t o  2.5 cy l indr ica l  
body diameters. 
hemispherical flow deflectors  only, whereas the  model with the f l a r ed  
afterbody was t es ted  with both flow deflectors.  

The model with the  cyl indrical  body was  t es ted  with the  

The models were mounted i n  the  t e s t  section on a sting-supported 
strain-gage balance which w a s  shielded by a metal shroud as shown i n  
f igure 1. The posi t ion of t he  shroud with respect t o  t h e  model base 
was the  same f o r  a l l  of the  models. 
i n  the  t e s t  section i s  shown i n  figure 2. 

A photograph of a model i n s t a l l ed  

TESTS AND DATA REDUCTION 

The investigation was conducted a t  Mach numbers from 0.6 t o  1.4 a t  
angles of a t tack from approximately -2' t o  +14'. A t  a l l  t e s t  Mach 
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numbers, t he  angle of a t tack  was decreased from an in i t ia l  Oo t o  
approximately -2O, then increased progressively t o  about +14O. 
numbers greater than 0.90, t h e  angle of a t t ack  w a s  decreased from +140 
t o  -2' t o  determine the  possible occurrence of flow hys te res i s  of t h e  
type discussed i n  reference 7 f o r  blunt-nosed bodies and observed i n  
several  phases of t h e  invest igat ion previously reported ( r e f s .  3, 4, and 
5 ) .  The Reynolds number based on t h e  cy l ind r i ca l  body diameter w a s  
0.50 million. 

A t  Mach 

I n  order t o  r e s t r i c t  t he  var ia t ion  of boundary-layer t r a n s i t i o n  
location, boundary-layer t r i p  wires were a f f ixed  t o  the  cy l indr ica l  por- 
t i o n  of the model as shown i n  f igure  1. 
wires was determined from flow-visualization s tudies ,  employing both 
shadowgraphs and t h e  technique of reference 8, on various models at  t h e  

The effect iveness  of t he  t r i p  
A 
4 
1 
0 

t e s t  Reynolds number. For a l l  of t h e  models, t h e  boundary-layer flow 
w a s  observed t o  be turbulent ahead of or i n  t h e  region of t h e  t r i p  wires. 

The a x i a l  forces  were resolved t o  forebody and base coef f ic ien ts .  
For t he  forebody coeff ic ients ,  t he  measured a x i a l  forces  were adjusted 
t o  account for t h e  difference between the  base pressures and an assumed 
condition o f  free-stream s t a t i c  pressure ac t ing  at  the  base of t h e  model. .- 

The r e s u l t s  of reference 9 f o r  models with cy l indr ica l  afterbodies 
._ and of reference 10 for models with f l a r e d  af terbodies  indicate  t h a t  t h e  

presence of the  s t ing  may have a s igni f icant  e f f ec t  on base axial force.  
However, there  i s  evidence i n  references 7 and 9 t h a t  t h e  forebody a x i a l  
force i s  n o t  s ign i f icant ly  affected.  The magnitude of t he  s t i ng  i n t e r -  
ference on t h e  base axial force i s  not known f o r  t h e  present models. 

The angles of a t t ack  have been corrected f o r  e l a s t i c  def lect ion of 
t he  balance and s t ing  under aerodynamic loads. 
corrections a re  negl igible .  

Stream angular i ty  

No corrections were made f o r  possible  interference e f fec ts  of t h e  

Such 
perforated tes t - sec t ion  w a l l s ,  although t h e  model base a rea  w a s  as much 
as 0.85 percent of t h e  cross-sectional a rea  of t h e  t e s t  section. 
interference e f f ec t s  a re  believed t o  be r e l a t i v e l y  s m a l l ,  i n  view of t h e  
results of tes ts  a t  transonic speeds of various s i zes  of sharp- and 
blunt-nosed bodies reported i n  t h e  appendix t o  reference 11. 

In  addition t o  t h e  possible systematic e r ro r s  from neglecting some 
of t h e  above corrections,  ce r t a in  random e r ro r s  e x i s t  which influence 
t h e  precision, o r  repea tab i l i ty ,  of t h e  r e su l t s .  
data w a s  determined by t h e  method described i n  reference 12 and t h e  
average deviations i n  values of Mach nmiber, angle of a t tack,  and aero- 
dynamic coeff ic ients  presented herein were found t o  be  approximately as 
follows : 

The precis ion of t h e  

-. 
* f  
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RESULTS 

The var ia t ions  with angle of attack of coef f ic ien ts  of normal force,  
pi tching moment, forebody a x i a l  force,  and base axial force a re  presented 
i n  f igu res  3 t o  5 f o r  the  various models of t h i s  invest igat ion.  
a r e  presented f o r  both increasing and decreasing angles of a t tack  f o r  
those models f o r  which hysteresis  loops appear i n  the  var ia t ions  of aero- 
dynamic coef f ic ien ts  with angle of attack. 
which i s  associated with regions of  separated f low,  has been shown t o  be 
a comon and undesirable feature  o f  transonic flow over blunt-nosed 
bodies, since t h e  introduction i n t o  the pi tching cycle of t h e  energy 
represented by t h e  hysteresis  loop may lead t o  large pi tching osc i l l a t ions  
(ref.  7) .  

Results 

This hys te res i s  phenomenon, 

I n  f igures  6 and 7, respectively,  a r e  summarized t h e  var ia t ions  

I n  f igure  8 a re  presented the forebody and base axial-force 
with Mach number of 
a t tack.  
coe f f i c i en t s  a t  0' angle of a t tack.  

Cjy/cc and c.p. location a t  t h ree  selected angles of 

Shadowgraph p ic tures  a r e  presented i n  f igures  9 and 10 t o  show t h e  
e f f ec t  of t h e  flow def lec tors  on the  flow about t h e  models with f l a r e d  
af terbodies .  

It i s  in t e re s t ing  t o  note t h a t  for t h e  model without f l a r e ,  use of 
t h e  flow def lec tors  resul ted generally i n  (1) no s igni f icant  e f f ec t  on 
t h e  normal-force parameter, (2) a m a j o r  reduction i n  center-of-pressure 
t r a v e l  with Mach number a t  small angles of a t tack,  and (3) considerable 
reductions i n  t h e  forebody axial-force coef f ic ien t .  On t h e  other  hand, 
f o r  t h e  models with afterbody f l a r e ,  use of the  flow def lec tors  resul ted 
general ly  i n  (1) sizable  reductions i n  normal-force parameter a t  low 
angles of a t tack  as wel l  as a more l inear  var ia t ion  of CN with a ,  
(2) no s igni f icant  change i n  t h e  center-of-pressure t r a v e l  w i t h  Mach 
number, ( 3 )  a forqard s h i f t  i n  center of p re s swe  at  low angles of a t tack  
resu l t ing  i n  e s sen t i a l ly  a constant 
and (4) various e f f ec t s  on t h e  f orebody axial-f orce coeff ic ient  , ranging 

c.p. locat ion with change i n  a ,  



6 

from slight reductions to signj ficnnt increases, depending on the 
particular flow deflector, spike length, and Mach number considered. 
Furthermore, the aforementioned results for the models with afterbody 
flare were essentially independent of flow deflector shape. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, May 12, 1961 
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Figure 2.- Model w i t h  a flow deflector  i n s t a l l ed  i n  the  t e x t  section of 
the  2- by 2-foot transonic wind tunnel. 
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(g) Base axial-force coefficient;  M = 0.60 t o  1.00. 

Figure 3 .- Continued. 
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(h) Base axial-force coefficient; M = 1.05 to 1.40. 

Figure 3 .- Concluded. 



I 



20 

0 
f 

r i  

0 
-P 
Ln 
0 

rl 

II  

z .-\ 
-P 
SI 
a, 
d 
V 
- r i  
%I 
k al 
0 
V 

a, 

0 
k 

I 
d 
Ld 

E 

E 
!22 
n 
P 
W 

U 

A 
4 
1 
0 

.- 

& -  

c 



I 
I 4  



rl 

0 
-P 

rl 

11 

A 
4 '  
1 
0 



23 



24 

A 
4 
1 
0 

.- 

6 -  

. 



A 



t I 

0 
f 
rl 

0 
-P 
L n  
0 

rl 

I I  

A 
4 
1 
0 





28 

N 

. 
c 



. -  

.. 



E 
0 



.. 



32 

A 
4 
1 
0 



3G 

* 
33 

Y 



34 

A 
4 
1 
0 



. *  

.. 

35 

M 

(a) Unflared models with hemispherical def lec tor .  

Figure 6.- Effects  of flow def lec tor  length on t h e  normal-force parameter. 
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(b) Flared models with hemispherical deflector. 

Figure 6. - Continued. 

7 



37 

I *  

.. 

- CN 
a 

- V 

.4 

.3 

.2 

. I  

0 

.3 

.2 

. I  

0 

M 

(c) Flared models with disk-shaped deflector. 

Figure 6. - Concluded. 
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(a) Unflared models with hemispherical def lec tor .  

Figure 7.- Effects  of flow deflector  length on t h e  center-of-pressure 
locat ion.  
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(b) Flared models with hemispherical deflector.  

Figure 7. - Continued. 
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(c) Flared models with disk-shaped deflector .  

\ 
Figure 7.- Concluded. 
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(a) Unflared models w i t h  hmLspherical def lector .  . - 
Figure 8.- Effects of flow deflector length on t h e  forebody and base 

axial-force coefficients a t  0' angle of a t tack.  
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(b) Flared models w i t h  hemispherical deflector. 

Figure 8 .- Continued. 
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(e) Flared models w i t h  disk-shaped deflector. 

Figure 8. - Concluded. 
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(a) M = 0.90. 

Figure 9.- E f fec t  o f  he~spherical f l o w  d e f l e c t o r s  on t h e  f low patterns 
of  t h e  model.?, w i t h  f]-aj:ed a f t e r b o d i e s  a-t CY: = 0'. 



(b) M = 1.00. 

Fiwre 3 e - Continued . 
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( e >  M = 1.20. 

Figure 9.- Continued. 
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(d) M = 1.40. 

Figure 9 - Concluded (. 
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(a) M = 0.90. 
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(b) M = 1.00. 

Figure 10. - Continued. 
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Figure 10 .- Continued. 
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(d) M =  1.40. 

Figure 10. - Concluded 


